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RETROVIRAL PROTEASE INHIBITORS 

This application is a continuation-impart of U.S. patent 
application Ser. No. PCT/US9l/8617, ?led Nov. 18, 1991, 
which is a continuation-in-part of U.S. patent application 
Ser. No. 07/789,642, ?led Dec. 20, 1991 now abandoned, 
continuation-in-part of U.S. patent application Ser. No. 
7/615,2l0, ?led Nov. 19, 1990 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to retroviral protease inhibi 

tors and, more particularly, relates to novel compounds and 
a composition and method for inhibiting retroviral proteases. 
This invention, in particular, relates to urea-containing 
hydroxyethylamine protease inhibitor compounds, a com 
position and method for inhibiting retroviral proteases such 
as human immunode?ciency virus (HIV) protease and for 
treatment or prophylaxis of a retroviral infection, e.g., an 
HIV infection. The subject invention also relates to pro 
cesses for making such compounds as well as to interme 
diates useful in such processes. 

2. Related Art 

During the replication cycle of retroviruses, gag and 
gag-pol gene products are translated as proteins. These 
proteins are subsequently processed by a virally encoded 
protease (or proteinase) to yield viral enzymes and structural 
proteins of the virus core. Most commonly, the gag precursor 
proteins are processed into the core proteins and the pol 
precursor proteins are processed into the viral enzymes, e.g., 
reverse transcriptase and retroviral protease. It has been 
shown that correct processing of the precursor proteins by 
the retroviral protease is necessary for assembly of infec 
tious virons. For example, it has been shown that frameshift 
mutations in the protease region of the pol gene of HIV 
prevents processing of the gag precursor protein. Thus, 
attempts have been made to inhibit viral replication by 
inhibiting the action of retroviral proteases. 

Retroviral protease inhibition typically involves a transi 
tion-state mimetic whereby the retroviral protease is 
exposed to a mimetic compound which binds (typically in a 
reversible manner) to the enzyme in competition with the 
gag and gag-pol proteins to thereby inhibit replication of 
structural proteins and, more importantly, the retroviral 
protease itself. In this manner, retroviral proteases can be 
effectively inhibited. 

Several classes of mimetic compounds have been pro— 
posed, particularly for inhibition of proteases, such as for 
inhibition of HIV protease. Such mimetics include hydroxy» 
ethylamine isosteres and reduced amide isosteres. See, for 
example, EP 0 346 847; EP 0 342,541; Roberts et al, 
“Rational Design of Peptide-Based Proteinase Inhibitors, 
“Science, 248, 358 (1990); and Erickson et 211, “Design 
Activity, and 2.8 A Crystal Structure of a C2 Symmetric 
Inhibitor Complexed to HIV-1 Protease,” Science, 249, 527 
(1990). 

Several classes of mimetic compounds are known to be 
useful as inhibitors of the proteolytic enzyme renin. See, for 
example, U.S. Pat. No. 4,599,198; U.K. 2,184,730; 63. 
2,209,752; EP 0 264 795; GB. 2,200,115 and U.S. SIR 
H725. Of these, G.B. 2,200,115, .GB 2,209,752, EP 0 
264,795, U.S. SIR H725 and U.S. Pat. No. 4,599,198 
disclose urea-containing hydroxyethylamine renin inhibi 
tors. However, it is known that, although renin and HIV 
proteases are both classi?ed as aspartyl proteases, com 
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2 
pounds which are effective renin inhibitors generally cannot 
be predicted to be effective HIV protease inhibitors. 

BRIEF DESCRIPTION OF THE INVENTION 

The present invention is directed to virus inhibiting com 
pounds and compositions. More particularly, the present 
invention is directed to retroviral protease inhibiting com 
pounds and compositions, to a method of inhibiting retro 
viral proteases, to processes for preparing the compounds 
and to intermediates useful in such processes. The subject 
compounds are characterized as urea-containing hydroxy 
ethylamine inhibitor compounds. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance with the present invention, there is pro 
vided a retroviral protease inhibiting compound of the 
formula: 

or a pharmaceutically acceptable salt, prodrug or ester 
thereof wherein: 

A represents radicals represented by the formulas: 

(Formula I) 

wherein R represents hydrogen and alkoxycarbonyl, 
aralkoxycarbonyl, alkylcarbonyl, cycloalkylcarbonyl, 
cycloalkylalkoxycarbonyl, cycloalkylalkanoyl, 
alkanoyl, aralkanoyl, aroyl, aryloxycarbonyl, aryloxy 
alkanoyl, heterocyclylcarbonyl, heterocyclyloxycarbo 
nyl, heterocyclylalkanoyl, heterocyclylalkoxycarbonyl, 
heteroaralkoxycarbonyl, heteroaryloxycarbonyl, het 
eroaralkanoyl, heteroaroyl, alkyl, aryl, aralkyl, ary 
loxyalkyl, heteroaryloxyalkyl, hydroxyalkyl, ami 
nocarbonyl, aminoalkanoyl, and mono- and 
disubstituted aminocarbonyl and mono- and disubsti 
tuted aminoalkanoyl radicals wherein the substituents 
are selected from alkyl, aryl, aralkyl, cycloalkyl, 
cycloalkylalkyl, heteroaryl, heteroaralkyl, heteroalkyl 
and heterocycloalkylalkyl radicals or in the case of a 
disubstituted arninoalkanoyl radical, said substitutents 
along with the nitrogen atom to which they are attached 
form a heterocycloalkyl or heteroaryl radical; 

R' represents hydrogen and radicals as de?ned for R3 or 
R and R‘ together with the nitrogen to which they are 
attached form a heterocycloalkyl or heteroaryl radical 
or when A is Al, R' represents hydrogen, radicals as 
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de?ned for R3 and aralkoxycarbonylalkyl and ami 
nocarbonylalkyl and aminoalkyl radicals wherein said 
amino group may be mono- or disubstituted with 
substituents selected from alkyl, aryl, aralkyl, 
cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, 
heteroalkyl, and heterocycloalkylalkyl radicals; 

t represents either 0 or 1; 

R1 represents hydrogen, —CH2SO2NH2, ——CO2CH3, 
—CH2CO2CH3, —CONH2, —CH2C(O)NHCH3, 
—CH2C(O)N(CH3)2, —CONHCH3, —CONH(CH3)2, 
—cwHarscHa, —C(CH3)2(S[0]CH3), 
—C(CH3)2(S[O]2CH3), alkyl, haloalkyl, alkenyl, alky 
nyl and cycloalkyl radicals and amino acid side chains 
selected from asparagine, S-methyl cysteine and the 
corresponding sulfoxide and sulfone derivatives 
thereof, glycine, leucine, isoleucine, allo-isoleucine, 
tert-leucine, phenylalanine, ornithine,alanine, histidine, 
norleucine, glutarnine, valine, threonine, serine, aspar 
tic acid, beta-cyano alanine, and allo-threonine side 
chains; 

RF and R1" independently represent hydrogen and radi 
cals as de?ned for R1, or one of RT and R1", together 
with R1 and the carbon atoms to which they are 
attached, represent a cycloalkyl radical; 

R2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl and 
aralkyl radicals, which radicals are optionally substi 
tuted with a group selected from —NO2, —OR9, 
—SR9, and halogen radicals, 

wherein R9 represents hydrogen and alkyl radicals; 
R3 represents alkyl, alkenyl, alkynyl, hydroxyalkyl, 

alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocy 
cloalkyl, heteroaryl, heterocycloalkylalkyl, aryl, 
aralkyl, heteroaralkyl, arninoalkyl and mono- and dis 
ubstituted arninoalkyl radicals where said substitutents 
are selected from alkyl, aryl, aralkyl, cycloalkyl, 
cycloalkylalkyl, heteroaryl, heteroalkyl, heterocy 
cloalkyl, and heterocycloalkylalkyl radicals or, in the 
case of a disubstituted aminoalkanoyl radical, said 
substituents along with the nitrogen atom to which they 
are attached, form a heterocycloalkyl or a heteroaryl 
radical; 

X' represents 0, C(R”) where R17 represents hydrogen 
and alkyl radicals and N; 

Y, Y', and Y" independently represent 0,8 and NR15 
wherein R15 represents hydrogen and radicals as de?ned 

for R3; 
B represents radicals represented by the fonnula: 

1 
R R7, 

X / Rs (CH2), 

wherein n represents an integer of from 0 to 6, R7 and 
RT independently represent radicals as de?ned for R3 and 

amino acid side chains selected from the group con 
sisting of valine, isoleucine, glycine, alanine, allo 
isoleucine, asparagine, leucine, glutarnine, and t-bu 
tylglycine or R7 and R7’ together with the carbon atom 
to which they are attached form a cycloalkyl radical; 
and R8_ represents cyano, hydroxyl, alkyl, alkoxy, 
cycloalkyl, aryl, aralkyl, heterocycloalkyl and het 
eroaryl radicals and radicals represented by the formu 
las c(o)R‘6, c0211“, SOZR‘G, SR1“, CONRIGRH, 
OR“, CF3 and NRI‘SR17 
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4 
wherein R16 and R17 independently represent hydrogen 

and radicals as de?ned for R3 or R16 and R17 together 
with a nitrogen to which they are attached in the 
formula —~NR16R17 represent heterocycloalkyl and 
heteroaryl radicals; 

R4 independently represents hydrogen and radicals as 
de?ned by R3; 

R‘5 represents hydrogen and alkyl radicals; 
R20, R21, R30, R31 and R32 represent radicals as de?ned 

for R1, or one of R1 and R3 together with one of R31 
and R32 and the carbon atoms to which they are 
attached form a cycloalkyl radical; and 

R33 and R34 independently represent hydrogen and radi 
cals as de?ned for R3, or R 3 and R34 together with X‘ 
represent cycloalkyl, aryl, heterocyclyl and heteroaryl 
radicals, provided that when X' is O, R34 is absent. 

A preferred class of retroviral inhibitor compounds of the 
present invention are those represented by the formula: 

Y (Formula H) Y, R2 

RIEKCR‘RWH/L N I N / B I | l | 
R 1 R6 on R3 R“ 

or a pharmaceutically acceptable salt, prodrug or ester 
thereof, preferably wherein the stereochemistry about the 
hydroxy group is designated as (R); 

wherein R represents hydrogen and alkoxycarbonyl, 
aralkoxycarbonyl, alkylcarbonyl, cycloalkylcarbonyl, 
cycloalkylalkoxycarbonyl, cycloalkylalkanoyl, 
alkanoyl, aralkanoyl, aroyl, aryloxycarbonyl, aryloxy 
alkanoyl, heterocyclylcarbonyl, heterocyclyloxycarbo» 
nyl, heterocyclylalkanoyl, heterocyclylalkoxycarbonyl, 
heteroaralkoxycarbonyl, heteroaryloxycarbonyl, het 
eroaralkanoyl, heteroaroyl, alkyl, aryl, aralkyl, ary 
loxyalkyl, heteroaryloxyalkyl, hydroxyalkyl, ami 
nocarbonyl, aminoalkanoyl, and mono- and 
disubstituted aminocarbonyl and mono- and disubsti 
tuted aminoalkanoyl radicals wherein the substituents 
are selected from alkyl, aryl, aralkyl, cycloalkyl, 
cycloalkylalkyl, heteroaryl, heteroaralkyl, heteroalkyl 
and heterocycloalkylalkyl radicals or in the case of a 
disubstituted aminoalkanoyl radical, said substitutents 
along with the nitrogen atom to which they are attached 
form a heterocycloalkyl or heteroaryl radical; 

R' represents hydrogen and radicals as de?ned for R3 or 
R and R’ together with the nitrogen to which they are 
attached form a heterocycloalkyl or heteroaryl radical 
or when A is Al, R' represents hydrogen, radicals as 
de?ned for R3 and aralkoxycarbonylalkyl and ami 
nocarbonylalkyl and aminocarbonyl radicals wherein 
said amino group may be mono- or disubstituted with 
substituents selected from alkyl, aryl, aralkyl, 
cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, 
heteroalkyl, and heterocycloalkylalkyl radicals; 

R1 represents hydrogen, —CH2SO2NH2, —CO2CH3, 

—C(CH3)2(S[O]2CH3), alkyl, haloalkyl, alkenyl, alky 
nyl and cycloalkyl radicals and amino acid side chains 
selected from asparagine, S-methyl cysteine and the 
corresponding sulfoxide and sulfone derivatives 
thereof, glycine, leucine, isoleucine, alloisoleucine, 
tert-leucine, phenylalanine, ornithine,alanine, histidine, 
norleucine, glutamine, valine, threonine, sen'ne, aspar 
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tie acid, beta-cyano alanine, and allo-threonine side 
chains; 

RR' and RR" independently represent hydrogen and radi 
cals as de?ned for R1, or one of RR' and RR", together 
with R1 and the carbon atoms to which they are 
attached, represent a cycloalkyl radical. 

R2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl and 
aralkyl radicals, which radicals are optionally substi 
tuted with a group selected from —NO2, —OR9, 
——SR9, and halogen radicals, 

wherein R9 represents hydrogen and alkyl radicals; 
R3 represents alkyl, alkenyl, alkynyl, hydroxyalkyl, 

alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocy 
cloalkyl, heteroaryl, heterocycloalkylalkyl, aryl, 
aralkyl, heteroaralkyl, aminoalkyl and mono- and dis 
ubstituted aminoalkyl radicals where said substitutents 
are selected from alkyl, aryl, aralkyl, cycloalkyl, 
cycloalkylalkyl, heteroaryl, heteroalkyl, heterocy 
cloalkyl, and heterocycloalkylalkyl radicals or, in the 
case of a disubstituted arninoalkyl radical, said sub 
stituents along with the nitrogen atom to which they are 
attached, form a heterocycloalkyl or a heteroaryl radi~ 
cal; 

R4 represents hydrogen and radicals as de?ned for R3; and 
B represents radicals represented by the formula: 

R7’ 
% (CH2), 

wherein n represents an integer of from 0 to 6, 

R7 and R7‘ independently represent radicals as de?ned for 
R3 and amino acid side chains selected from the group 
consisting of valine, isoleucine, glycine, alanine, allo 
isoleucine, asparagine, leucine, glutamine, and t-bu 
tylglycine or R7 and RT together with the carbon atom 
to which they are attached form a cycloalkyl radical; 
and 

R8 represents cyano, hydroxyl, alkyl, alkoxy, cycloalkyl, 
aryl, aralkyl, heterocycloalkyl and heteroaryl radicals 
and radicals represented by the formulas C(O)RR6, 
CO2R16, $021116, SR1“, CONRMRU, CF, and NRRRR17 

wherein R16 and R17 independently represent hydrogen 
and radicals as de?ned for R3, or R16 and R17 together 
with a nitrogen to which they are attached in the 
formula NRR‘RR17 represent heterocyclloalkyl and het 
eroaryl radicals. 

trepresents 0 or 1; and 

Y represents 0, S, and NR15 
wherein R15 represents hydrogen and radicals as de?ned 

for R3. 
Preferably, Y and Y‘ represent 0. 
Preferably, R3 represents radicals as de?ned above which 

contain no ot-branching, e.g., as in an isopropyl radical 
or a t-butyl radical. The preferred radicals are those 
which contain a ~CH2—— moiety between the nitrogen 
of the urea and the remaining portion of the radical. 
Such preferred groups include, but are not limited to, 
benzyl, isoarnyl, cyclohexylmethyl, 4-pyridylmethyl 
and the like. 
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6 
Another preferred class of compounds are those repre 

sented by the formula: 

(Formula III) 
0 0 20 21 I ‘ 2 Y 

EV R R l R NA 

or a pharrnaceutically acceptable salt, prodrug or ester 
thereof wherein B, Y, Y', R‘, R1, R2, R3, R , R20 and R21 are 
as de?ned above with respect to Formula I. Preferably, the 
stereochemistry about the hydroxyl group is designated as 
R 
‘Yet another preferred class of compounds are those rep 

resented by the formula: 

or a pharmaceutically acceptable salt, prodrug or ester 
thereof wherein t, B, X’, Y, Y', Y", R1, R2, R3, R4, R30, R31, 
R32, R33 and R34 are as de?ned above with respect to 
Formula I. Preferably, the stereochemistry about the 
hydroxyl group is designated as R. 
As utilized herein, the term “alkyl”, alone or in combi— 

nation, means a straight-chain or branched-chain alkyl radi 
cal containing from 1 to about 10, preferably from 1 to about 
8, carbon atoms. Examples of such radicals include methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert 
butyl, pentyl, iso-amyl, hexyl, octyl and the like. The term 
“alkenyl”, alone or in combination, means a straight-chain 
or branched-chain hydrocarbon radial having one or more 
double bonds and containing from 2 to about 18 carbon 
atoms preferably from 2 to about 8 carbon atoms. Examples 
of suitable alkenyl radicals include ethenyl, propenyl, allyl, 
1,4-butadienyl and the like. The term “alkynyl”, alone or in 
combination, means a straight-chain hydrocarbon radical 
having one or more triple bonds and containing from 2 to 
about 10 carbon atoms. Examples of alkynyl radicals 
include ethynyl, propynyl, (propargyl), butynyl and the like. 
The term “alkoxy”, alone or in combination, means an alkyl 
ether radical wherein the term alkyl is as de?ned above. 
Examples of suitable alkyl ether radicals include methoxy, 
ethoxy, n-propoxy, isopropoxy, n-butoxy, iso—butoxy, sec 
butoxy, tert-butoxy and the like. The term “cycloalkyl” 
means an alkyl radical which contains from about 3 to about 
8 carbon atoms and is cyclic. The term “cycloalkylalkyl” 
means an alkyl radical as de?ned above which is substituted 
by a cycloalkyl radical containing from about 3 to about 8, 
preferably from about 3 to about 6, carbon atoms. Examples 
of such cycloalkyl radicals include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl and the like. The term “aryl”, alone 
or in combination, means a phenyl or naphthyl radical which 
optionally carries one or more substituents selected from 
alkyl, alkoxy, halogen, hydroxy, amino and the like, such as 
phenyl, p'tolyl, 4-methoxyphenyl, 4-(tert-butoxy)phenyl, 
4-?uorophenyl, 4-chlorophenyl, 4-hydroxyphenyl, l-naph 
thyl, 2-naphthyl, and the like. The term “aralkyl”, alone or 
in combination, means an alkyl radical as de?ned above in 
which one hydrogen atom is replaced by an aryl radical as 
de?ned above, such as benzyl, 2-phenylethyl and the like. 
The term “aralkoxy carbonyl”, alone or in combination, 
means a radical of the formula —C(0)—O—aralkyl in 
which the term “aralkyl” has the signi?cance given above. 
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An example of an aralkoxycarbonyl radical is benzyloxy 
carbonyl. The term “aryloxy” means a radical of the formula 
aryl-O in which the term aryl has the signi?cance given 
above. The term “alkanoyl”, alone or in combination, means 
an acyl radical derived from an alkanecarboxylic acid, 
examples of which include acetyl, propionyl, butyryl, 
valeryl, 4-methylvaleryl, and the like. The term “cycloalky 
lcarbonyl” means an acyl group derived from a monocyclic 
or bridged cycloalkanecarboxylic acid such as cyclopropan 
ecarbonyl, cyclohexanecarbonyl, adamantanecarbonyl, and 
the like, or from a benz-fused monocyclic cycloalkanecar 
boxylic acid which is optionally substituted by, for example, 
alkanoylamino, such as l,2,3,4 -tetrahydro-2-naphthoyl,2 
acetamido-l,2,3,4-tetrahydro-2-naphthoyl. The term “aral 
kanoyl” means an acyl radical derived from an aryl-substi 
tuted alkanecarboxylic acid such as phenylacetyl, 
3-phenylpropionyl (hydrocinnarnoyl), 4-phenylbutyryl, 
(2-naphthy1)acetyl, 4-chlorohydrocinnamoyl, 4-aminohy 
drocinnamoyl, 4-methoxyhydrocinnamoyl, and the like. The 
term “aroyl” means an acyl radical derived from an aromatic 
carboxylic acid. Examples of such radicals include aromatic 
carboxylic acids, an optionally substituted benzoic or naph 
thoic acid such as benzoyl, 4-chlorobenzoyl, 4-carboxyben 
zoyl, 4-(benzyloxycarbonyl)benzoyl, l-naphthoyl, 2-naph 
thoyl, 6-carboxy-2 naphthoyl, 6-(benzyloxycarbonyl)-2 
naphthoyl, 3-benzyloxy-2-naphthoyl, 3-hydroxy-2 
naphthoyl, 3-(benzyloxyforma1nido)-2-naphthoyl, and the 
like. The heterocyclyl or heterocycloalkyl portion of a 
heterocyclylcarbonyl, heterocyclyloxycarbonyl, heterocy 
clylalkoxycarbonyl, or heterocyclyalkyl group or the like is 
a saturated or partially unsaturated monocyclic, bicyclic or 
tricyclic heterocycle which contains one or more hetero 
atoms selected from nitrogen, oxygen and sulphur, which is 
optionally substituted on one or more carbon atoms by 
halogen, alkyl, alkoxy, 0x0, and the like, and/or on a 
secondary nitrogen atom (i.e., —-NH——) by alkyl, aralkoxy 
carbonyl, alkanoyl, phenyl or phenylalkyl or on a tertiary 
nitrogen atom (i.e.==N—) by oxido and which is attached 
via a carbon atom. The heteroaryl portion of a heteroaroyl, 
heteroaryloxycarbonyl, or a heteroaralkoxy carbonyl group 
or the like is an aromatic monocyclic, bicyclic, or tricyclic 
heterocycle which contains the hetero atoms and is option 
ally substituted as de?ned above with respect to the de?ni 
tion of heterocyclyl. Examples of such heterocyclyl and 
heteroaryl groups are pyrrolidinyl, piperidinyl, piperazinyl, 
morpholinyl, thiamorpholinyl, pyrrolyl, imidazolyl (e.g., 
imidazol 4-yl, 1-benzyloxycarbonylimidazol-4-yl, etc.), 
pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, furyl, thienyl, 
triazolyl, oxazolyl, thiazolyl, indolyl (e.g., 2-indolyl, etc.), 
quinolyl (e.g., 2-quinolyl, 3-quinolyl, l-oxido-2-quinolyl, 
etc.), isoquinolyl (e.g., l-isoquinolyl, 3-isoquinolyl, etc.), 
tetrahydroquinolyl (e.g., 1,2,3,4-tetrahydro-2-quinolyl, 
etc.), l,2,3,4-tetrahydroisoquinolyl (e.g., l,2,3,4-tetrahydro 
l-oxo-isoquinolyl, etc.), quinoxalinyl, [i-carbolinyl, 2-ben 
zofurancarbonyl, l-,2-,4-5-benzimid-azolyl, and the like. 
The term “cycloalkylalkoxycarbonyl” means an acyl group 
derived from a cycloalkylalkoxycarboxylic acid of the for 
mula cycloalkylalkyl-O-COOH wherein cycloalkylalkyl has 
the signi?cance given above. The term “aryloxyalkanoyl” 
means an acyl radical of the formula aryl-O-alkanoyl 
wherein aryl and alkanoyl have the signi?cance given 
above. The term "heterocyclyloxycarbonyl" means an acyl 
group derived from heterocyclyl-O—COOH wherein het 
erocyclyl is as de?ned above. The term “heterocyclylal 
kanoyl” is an acyl radical derived from a heterocyclyl 
substituted alkane carboxylic acid wherein heterocyclyl has 
the signi?cance given above. The term “heterocyclylalkoxy 
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8 
carbonyl" means an acyl radical derived from a heterocy 
clyl-substituted alkane-O—COOH wherein heterocyclyl has 
the signi?cance given above. The term “heteroaryloxycar 
bonyl” means an acyl radical derived from a carboxylic acid 
represented by heteroaryl-O—COOH wherein heteroaryl 
has the signi?cance given above. The term “aminocarbonyl” 
alone or in combination, means an amino-substituted (car 
bamoyl) group derived from an amino-substituted carboxy 
lic acid wherein the amino group can be a primary, second 
ary or tertiary amino group containing substituents selected 
from hydrogen, and alkyl, aryl, aralkyl, cycloalkyl, 
cycloalkylalkyl radicals and the like. The term “aminoal 
kanoyl” means an acyl group derived from an amino 
substituted carboxylic acid, e.g. aminoacetyl, wherein the 
amino group can be a primary, secondary or tertiary amino 
group containing substituents selected from hydrogen, and 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl radicals and 
the like, e.g. N,N-dimethylaminoacetyl. The term 
“haloalkyl” means an alkyl radical having the signi?cance as 
de?ned above wherein one or more hydrogens are replaced 
with a halogen. Examples of such haloalkyl radicals include 
chloromethyl, l-bromoethyl, ?uoromethyl, di?uoromethyl, 
tri?uoromethyl, l,l,1-trifluoroethyl and the like. The term 
“halogen” means ?uorine, chlorine, bromine or iodine. The 
term “leaving group” generally refers to groups readily 
displaceable by a nucleophile, such as an amine or an 
alcohol nucleophile. Such leaving groups are well known 
and include carboxylates, N-hydroxysuccinimide, N-hy 
droxybenzotriazole, halides, tri?ates, tosylates-OR and -SR 
and the like. Preferred leaving groups are indicated herein 
where appropriate. 

Procedures for preparing the compounds of FormulaI are 
set forth below. It should be noted that the general procedure 
is shown as it relates to preparation of compounds having the 
speci?ed stereochemistry, for example, wherein the stere 
ochernistry about the hydroxyl group is designated as (R). 
However, such procedures are generally applicable, as illus 
trated in Example 45, to those compounds of opposite 
con?guration, e.g., where the stereochemistry about the 
hydroxyl group is (S). 

Preparation of Compounds of Formula H 

The compounds of the present invention represented by 
Formula II above can be prepared utilizing the following 
general procedure. An N-protected chloroketone derivative 
of an amino acid having the formula: 

wherein P represents an amino protecting group, and R2 is 
as de?ned above, is reduced to the corresponding alcohol 
utilizing an appropriate reducing agent. Suitable amino 
protecting groups are well known in the art and include 
carbobenzoxy, butyryl, t-butoxycarbonyl, acetyl, benzoyl 
and the like. A preferred amino protecting group is car 
bobenzoxy. A preferred N-protected chloroketone is N-ben 
zyloxycarbonyl-phenylalanine chloromethyl ketone. A pre 
ferred reducing agent is sodium borohydride. The reduction 
reaction is conducted at a temperature of from —10° C. to 
about 25° C., preferably at about 0° C., in a suitable solvent 
system such as, for example, tetrahydrofuran, and the like. 
The N-protected chloroketones are commercially available 
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from Bachem, Inc., Torrance, Calif. Alternatively, the chlo 
roketones can be prepared by the procedure set forth in S. J. 
Fittkau, J. Prakt. Chem., 315, 1037 (1973), and subsequently 
N-protected utilizing procedures which are well lmown in 
the art. 
The resulting alcohol is then reacted, preferably at room 

temperature, with a suitable base in a suitable solvent system 
to produce an N-protected amino epoxide of the formula: 

wherein P and R2 are as de?ned above. Suitable solvent 
systems for preparing the amino epoxide include ethanol, 
methanol, isopropanol, tetrahydrofuran, dioxane, and the 
like including mixtures thereof. Suitable bases for producing 
the epoxide from the reduced chloroketone include potas 
sium hydroxide, sodium hydroxide, potassium t-butoxide, 
DBU and the like. A preferred base is potassium hydroxide. 

Alternatively, a protected amino epoxide can be prepared 
starting with an L-arnino acid which is reacted with a 
suitable amino-protecting group in a suitable solvent to 
produce an amino-protected L-amino acid ester of the for 
mula: 

wherein P, P1 and P2 independently represent hydrogen and 
amino-protecting groups as de?ned above with respect to P, 
provided that P1 and P2 are not both hydrogen; and R2 is as 
de?ned above. 
The amino-protected L-amino acid ester is then reduced, 

to the corresponding alcohol. For example, the amino 
protected L-amino acid ester can be reduced with diisobu 
tylaluminum hydride at —78° C. in a suitable solvent such as 
toluene. The resulting alcohol is then converted, by way of 
a Swern Oxidation, to the corresponding aldehyde of the 
formula: 

R2 

0 

wherein P, P2 and R2 are as de?ned above. Thus, a 
dichloromethane solution of the alcohol is added to a cooled 
(—75° to —68° C.) solution of oxalyl chloride in dichlo 
romethane and DMSO in dichloromethane and stirred for 35 
minutes. 
The aldehyde resulting from the Swem Oxidation is then 

reacted with a halomethyllithium reagent, which reagent is 
generated in situ by reacting an alkyllithium or arylithium 
compound with a dihalomethane represented by the formula 
XICHZX2 wherein X1 and X2 independently represent 1, Br 
or Cl. For example, a solution of the aldehyde and chlor 
oiodomethane in THF is cooled to —78° C. and a solution of 
n-butyllithium in hexane is added. The resulting product is 
a mixture of diastereomers of the corresponding amino 
protected epoxides of the formulas: 
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R2 R2 
1 ‘*N JEN / an ‘I 

P2 0 P2 0 

The diastereomers can be separated by chromatography or, 
alternatively, once reacted in subsequent steps the diaste 
reomeric products can be separated. 
The amino epoxide is then reacted, in a suitable solvent 

system, with an excess of a desired amine of the formula: 
wherein R3 is hydrogen or is as de?ned above. The reaction 
can be conducted over a wide range of temperatures, e.g., 
from about 10° C. to about 100° C., but is preferably, but not 
necessarily, conducted at a temperature at which the solvent 
begins to re?ux. Suitable solvent systems include those 
wherein the solvent is an alcohol, such as methanol, ethanol, 
isopropanol, and the like, ethers such as tetrahydrofuran, 
dioxane and the like, and toluene, N,N-dimethylformamide, 
dimethyl sulfoxide, and mixtures thereof. A preferred sol 
vent is isopropanol. Exemplary amines corresponding to the 
formula RZ‘NH2 include benzyl amine, isobutylamine, n-bu 
tyl amine, isopentyl amine, isoamylarnine, cyclohexanem 
ethyl amine, naphthylene methyl amine and the like. The 
resulting product is a 3-(N-protected amino)-3-(R2)-l 
(NHR3)-propan-2-ol derivative (hereinafter referred to as an 
amino alcohol) is a novel intermediate and can be repre 
sented by the formula: 

H OH H 

wherein P, R2 and R3 are as described above. 
A salt of the resulting amino alcohol described above is 

then reacted, in a suitable solvent system, with carbonyldi 
imidazole and an amine salt to produce a urea derivative of 
the amino alcohol. This reaction can be represented as 
follows: 

7, 

wherein R4 is as described above and L represents a leaving 
group such as a halide, e.g., chloride, imidazole radical, the 
radical p-NO2-(C6H4)--O—, and the like is prepared by 
reacting a carbonyldiirnidazole with an amine salt, e.g., the 
hydrochloride salt of a compound represented by the for 
mula: 

in a suitable solvent such as, for example, chloroform. The 
resulting product is then reacted with the salt, such as, for 
example, the hydrochloride salt, of the amino alcohol 
described above. The corresponding sulfur analogs can be 
utilized where Y of Formula H is S. 
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Alternatively, one can react the amino alcohol with an 

isocyanate of the formula: 

either in the presence or absence of a suitable base, such as 

triethylarnine, diisopropylethylarnine, and the like in a suit 
able solvent such as toluene, methylene chloride, chloroform 
or tetrahydrofuran. The isocyanate can be readily prepared 
and isolated, if desired, by standard methods such as the 
reaction of an amine of the formula: 

with phosgene or a phosgene equivalent, such as triphos 
gene, in the presence or absence of a suitable base, such as 
triethylamine, diisopropylamine and the like in a suitable 
solvent such as toluene, methylene chloride, chloroform or 
tetrahydrofuran. Alternatively, one can generate the isocy 
anate in situ by the Curtius rearrangement of a carboxylic 
acid of the formula: 

by an appropriate method. One such method is by the 
reaction of the carboxylic acid with diphenylphosphoryl 
azide in the presence of a suitable base, such as triethy 
larnine, N~methylmorpholine or diisopropylethylarnine, in a 
suitable solvent such as toluene, methylene chloride, chlo 
roform and tetrahydrofuran and the like. I 

The carboxylic acids are either commercially available or 
can be prepared in a number of ways, which are known to 
those skilled in the art. For example, one can form the 
dianion of a carboxylic acid (or the monoanion of the 
corresponding ester) of the formula: 

HOWRLH 
O 

by deprotonation with a strong base, such as lithium diiso~ 
propyl amide or lithium hexamethyldisilazide, in a suitable 
solvent such as tetrahydrofuran and react the anion or 
dianion with an electrophilic reagent of the formula: 

8 
X / R 
\ (CH2), 

where X is an appropriate leaving group such as chloride, 
bromide, iodide, methanesulfonyl, p-toluenesulfonyl or tri 
?uoromethanesulfonyl and the like. 
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Alternatively, one can alkylate a diester of malonic acid of 

the formula: 

POW OR 
0 O 

16 

where P’ is a suitable acid protecting groups such as methyl, 
ethyl, isopropyl, benzyl, tertiary-butyl, trimethylsilyl, t-bu 
tyldimethylsilyl, and the like, with appropriate electrophiles; 

where R7, RT and X are as de?ned above, in the presence of 
a suitable base such as sodium hydride, potassium hydride, 
sodium alkoxide or potassium alkoxide. Suitable alkoxides 
being methoxide, ethoxide, isopropoxide and tertiary-butox 
ide and the like. The reaction is carried out in a suitable 
solvent such as tetrahydrofuran, N,N-dimethylformamide or 
an alcohol solvent, such as methanol, ethanol, isopropanol 
or tertiary-butanol. The reaction with R7 and RT can be done 
sequentially if R7 and RT are different, or simultaneously if 
R7 and R7' are identical or form a cyclic ring during the 
alkylation step. The resulting product is a mono- or di 
substituted malonate diester of the formula: 

0 O 

In order to generate the carboxylic acid required for the 
Curtius rearrangement, the acid protecting group P' is selec 
tively removed. Suitable methods for removal are (l) 
hydrolysis with lithium hydroxide, sodium hydroxide, 
potassium hydroxide and the like, (2) acidolysis with an acid 
such as hydrochloric acid, hydrobrornic acid, tri?uoroacetic 
acid and the like, and (3) hydrogenolysis with hydrogen in 
the presence of a suitable catalyst such as palladium-on 
carbon. The resulting carboxylic acid has the formula: 

0 O 

In the case where R8 is an amino group NRIGRU, the 
amino group an be introduced either by displacement of an 
appropriate leaving group or reductive arnination with an 
appropriate aldehyde. The displacement of the leaving group 
from an ester of the formula: 

where P‘ and X are as de?ned above, can be readily 
accomplished by one skilled in the art. The protecting group 
P' is then removed by the methods discussed above to 
provide the required carboxylic acid of the formula: 
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16 17 
HO / 

(CH2): 

0 

The reductive amination procedure is readily accom 

plished by the reaction of an aldehyde of the formula: 

R7 R7’ 

O 

with the amine HNRIGR17 in the presence of sodium 

cyanoborohydride or hydrogen and a suitable catalyst, such 

as palladium-on-carbon, and the acid protecting group P‘ is 

removed by the methods discussed above. The required 

aldehydes can be prepared by a number of methods well 

known to those in the art. Such methods include reduction 

of an ester, oxidation of an alcohol or ozonolysis of an ole?n. 

In the case where R8 is a keto-group and t is 0, one can 

mono- or dialkyate an ester of acetoacetic acid of the 

formula: 

VOW CH3 
0 O 

as described above for the malonate diesters to provide a 

compound of the formula: 

POEM CH3 
0 O 

The acid protecting group can be removed to provide the 

desired carboxylic acid for the Curtius rearrangement, or the 

ketone can be converted to a ketal, such as the dimethyl 

ketal, diethyl ketal or ethylene glycol ketal, by reaction with 
the appropriate alcohol in the presence of a suitable acid, 

such as p-toluenesulfonic acid or the like, and a dehydrating 

agent such as trimethyl- or triethylorthoformate to provide, 

for example, a compound of the following formula: 
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The protecting group P‘ can then be removed to provide 

a compound of the formula: 

R7 R7’ 
HO CH3 

0 0 0 

which is suitable for the Curtius rearrangement. If desired, 
the ketal group can be converted at any time during the 
subsequent synthesis to the corresponding ketone by 
hydrolysis in the presence of an acid such as aqueous 
hydrochloric acid. 
The urea derivative of the amino alcohol, and the corre 

sponding sulfur analog, are novel intermediates and can be 
represented by the formula: 

Following preparation of the urea derivative, or corre 
sponding analogs wherein Y is S, the amino protecting group 
P is removed under conditions which will not affect the 
remaining portion of the molecule. These methods are well 
known in the art and include acid hydrolysis, hydrogenolysis 
and the like. A preferred method involves removal of the 
protecting group, e.g., removal of a carbobenzoxy group, by 
hydrogenolysis utilizing palladium on carbon in a suitable 
solvent system such as an alcohol, acetic acid, and the like 
or mixtures thereof. Where the protecting group is a t-bu 
toxycarbonyl group, it can be removed utilizing an inorganic 
or organic acid, e. g., HCl or tn'?uoroacetic acid, in a suitable 
solvent system, e.g., dioxane or methylene chloride. The 
resulting product is the amine salt derivative. Following 
neutralization of the salt, the amine is then reacted with an 
amino acid or corresponding derivative thereof represented 
by the formula (PN[CR1'R1"]CH(R1)COOH) wherein t, R1, 
R1', and R1" are as de?ned above, to produce the antiviral 
compounds of the present invention having the formula: 

0 R2 YI' 
' NA . .. / B 

PNH(CR1 R1 ) I I? 
R1 H OH R3 R4 

wherein t, B, P, R1, R1', R1", R2, R3, R4, and Y are as de?ned 
above. Preferred protecting groups in this instance are a 
benzyloxycarbonyl group or a t-butoxycarbonyl group. 
Where the amine is reacted with a derivative of an amino 
acid, e.g., when t=l and RI' and R1" are both H, so that the 
amino acid is a B-amino acid, such B-amino acids can be 
prepared according to the procedure set forth in a copending 
application, U.S. Ser. No. 07/345,808. Where t is 1, one of 
RI' and R1" is H and R1 is hydrogen so that the amino acid 
is a homo-[i-amino acid, such homo-B-amino acids can be 
prepared by the same procedure. Where t is O and R1 is 
alkyl, cycloalkyl, —CH2SO2NH2 or an amino acid side 
chain, such materials are well known and many are com 
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mercially available from Sigma-Aldrich. 
The N-protecting group can be subsequently removed, if 

desired, utilizing the procedures described above, and then 
reacted with a carboxylate represented by the formula: 

wherein R is as de?ned above and L is an appropriate 
leaving group such as a halide. Preferably, when R1‘ is a side 
chain of a naturally occurring ot-amino acid, R is a 2-quino 
line carbonyl group derived from N-hydroxysuccinimide-Z 
quinoline carboxylate, i.e., L is hydroxy succinirnide or R is 
a 2-benzofuroyl (2~benzofurancarbonyl) derived from ben~ 
zofuran-2-carboxylic acid. A solution of the free amine (or 
amine acetate salt) and about 1.0 equivalent of the carboxy 
late are mixed in an appropriate solvent system and option 
ally treated with up to ?ve equivalents of a base such as, for 
example, N-methylmorpholine, at about room temperature. 
Appropriate solvent systems include tetrahydrofuran, meth 
ylene chloride or N,N-dimethylformamide, and the like, 
including mixtures thereof. 

Alternatively, the protected amino alcohol from the 
epoxide opening can be further protected at the newly 
introduced amino group with a protecting group P' which is 
not removed when the ?rst protecting P is removed. One 
skilled in the art can choose appropriate combinations of P 
and P'. One suitable choice is when P is Cbz and P‘ is Boc. 
The resulting compound represented by the formula: 

can be carried through the remainder of the synthesis to 
provide a compound of the formula: 

0 R2 

and the new protecting group P‘ is selectively removed, and 
following deprotection, the resulting amine reacted to form 
the urea derivative as described above. This selective depro 
tection and conversion to the urea can be accomplished at 
either the end of the synthesis or at any appropriate inter~ 
mediate step if desired. This alternate procedure is also 
suitable for producing compounds at formulas IH-VI. 

Preparation of Compounds of Formula In 

A mercaptan of the formula R'SH is reacted with a 
substituted methacrylate of the formula: 

by way of a Michael Addition. The Michael Addition is 
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16 
conducted in a suitable solvent and in the presence of a 

suitable base, to produce the corresponding thiol derivative 
represented by the formula: 

R1 

R’syzw 01122 
R2 R21 0 

wherein R' and R1 represent radicals de?ned above; R20 and 
R21 represent hydrogen and radicals as de?ned for R1; and 
R22 represents radicals as de?ned by R3. Suitable solvents in 
which the Michael Addition can be conducted include 

alcohols such as, for example, methanol, ethanol, butanol 
and the like, as well as ethers, e.g., THF, and acetonitrile, 
DMF, DMSO, and the like, including mixtures thereof. 
Suitable bases include Group I metal alkoxides such as, for 

example sodium methoxide, sodium ethoxide, sodium 
butoxide and the like as well as Group I metal hydrides, such 
as sodium hydride, including mixtures thereof. 
The thiol derivative is converted into the corresponding 

sulfone of the formula: 

O 

by oxidizing the thiol derivative with a suitable oxidation 
agent in a suitable solvent. Suitable oxidation agents include 

peracids such as, for example, sodium meta-perborate, 
ozone (potassium peroxy monosulfate), meta-chloroperoxy 
benzoic acid, and the like, including mixtures thereof. Suit 
able solvents include acetic acid (for sodium meta-perbo 
rate) and, for other peracids, ethers such as THF and 
dioxane, and acetonitrile, DMF, DMSO, and the like, includ 
ing mixtures thereof. 
The sulfone is then converted to the corresponding free 

acid of the formula: 

utilizing a suitable base, e.g., lithium hydroxide, sodium 
hydroxide, and the like, including mixtures thereof, in a 
suitable solvent, such as, for example, THF, acetonitrile, 
DMF, DMSO, methylene chloride and the like, including 
mixtures thereof. 

The free acid is then coupled, utilizing, as described 
above, procedures well known in the art, to the urea deriva 

tive, or analog thereof, of an amino alcohol which is 
described above for the preparation of compounds of For 
mula H. The resulting product is a compound represented by 
Formula HI. 
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Alternatively, one can couple the urea isostere to the 

commercially available acid, 

0 O 
l | 

cmxsv 0H 
Ell-I3 

remove the thioacetyl group with a suitable base, such as 

hydroxide, or an amine, such as ammonia, and then react the 

resulting thiol with an alkylating agent, such as an alkyl 

halide, tosylate or mesylate to afford compounds of the 
following structure: 

° 52 ‘l 
, | N)\ B R \ S /\/k W I I? / 

CH3 OH R3 n 

The sulfur can then be oxidized to the corresponding 

sulfone using suitable oxidizing agents, as described above, 
to afford the desired compounds of the following structure: 

Alternatively, to prepare compounds of Formula III, a 
substituted methacrylate of the formula: 

X CO2R37 L l 

35 R R36 

wherein L represents a leaving group as previously de?ned; 

R35 and R36 represent hydrogen and radicals as de?ned 
for R1; and 

R37 represents alkyl, aralkyl, cycloalkyl and cycloalkyla 
lkyl radicals, is reacted with a suitable sulfonating 
agent, such as, for example, a sul?nic acid represented 

by the formula RSOZM, wherein R‘ represents radicals 
as de?ned above and M represents a metal adapted to 

form a salt of the acid, e.g., sodium, to produce the 
corresponding sulfone represented by the formula: 

c021137 R'—S 

// (I o o 
35 R R36 

wherein R', R35, R36 and R37 are as de?ned above. The 
sulfone is then hydrolyzed in the presence of a suitable 
base, such as lithium hydroxide, sodium hydride and 
the like, to the compound represented by the formula: 
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R R36 

wherein R, R3‘5 and R36 represent radicals as de?ned 
above. The resulting compound is then asymmetrically 
hydrogenated utilizing an asymmetric hydrogenation 
catalyst such as, for example, a ruthenium-BINAP 
complex, to produce the reduced product, substantially 
enriched in the more active isomer, represented by the 
formula: 

0 

| 
R’--S OH 

// \\ 
O 0 

R35 R3 6 

wherein R‘, R35 and R36 represent radicals as de?ned 
above. Where the more active isomer has the R-stere 
ochemistry, a Ru(R-BINAP) asymmetric hydrogena 
tion catalyst can be utilized. Conversely, where the 
more active isomer has the S-stereochemistry, a Ru(S 
BINAP) catalyst can be utilized. Where both isomers 
are active, or where it is desired to have a mixture of the 
two diastereomers, a hydrogenation catalyst such as 
platinum, or palladium, on carbon can be utilized to 
reduce the above compound. The reduced compound is 
then coupled to the urea isostere, as described above, to 
produce compounds of Formula III. 

Preparation of Compounds of Formula IV 

To produce compounds of Formula IV, starting with a 
lactate of the formula: 

OH 

0 

wherein P" represents alkyl radicals, such as, for example, 
methyl, ethyl, and the like. The hydroxyl group of the lactate 
is protected as its ketal by reaction in a suitable solvent 
system with methyl isopropenyl ether (1,2-methoxypro 
pene) in the presence of a suitable acid. Suitable solvent 
systems include methylene chloride, DMF, and the like, 
including mixtures thereof. Suitable acids include POCl3, 
HCl, and the like. It should be noted that well-known groups 
other than methyl isopropenyl ether can be utilized to form 
the ketal. The ketal is then reduced with diisobutylaluminum 
hydride (DIBAL) at —78° C. to produce the corresponding 
aldehyde which is then treated with ethylidene triph 
enylphosphorane (Wittig reaction) to produce a compound 
represented by the formula: 

X OCH3 

U I \ CH3 
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The ketal protecting group is then removed utilizing This disubstituted acetoacetic acid derivative is then 
procedures well-known in the art such as by mild acid treated with lithium diisopropyl amide at about —10° C. and 
hydrolysis. The resulting compound is then esteri?ed with in the Presence of PhN(t1‘i?at6)2 to produce a vinyl tri?ate 0f 
isobutyryl chloride to produce a compound of the formula: 5 the fofmlllai 

0 R31 R32 

I R0 OTf 
O 

\ 10 0 

The vinyl tri?ate is then carbonylated utilizing a palla 
_ O _ ' dium catalyst, e.g., Pd2(OAc)2(Ph3)P, in the presence of an 

amide at —78 C. followed by warrmng oi the reaction 15 alcohol (RHOH) or water (R..=H) and abase, ag" triethy_ 
mixture to room temperature to e?ect a Claslen rearrange" lamine, in a suitable solvent such as DMF, to produce the 
ment ([3,3]) sigmatropic rearrangement to produce the cor- ole?nic ester or acid of the formula: 
responding acid represented by the formula: 

This compound is then treated with lithium diisopropyl 

20 R31 R32 (1) 
COZH 

ROW 0R" 
0 

25 The ole?n can then be subsequently asymmetrically 
hydrogenated, as described above, to produce a trisubsti 

_ l _ _ tuted succinic acid derivative of the formula: 
Treatment of the acid wrth benzyl brorrude 1n the presence 

of a tertiary amine base, e.g., DBU, produces the corre 
_ _ _ _ _ _ 30 R31 R32 0 

sponding ester which is then cleaved oxrdatrvely to give a I 

trisubstituted succinic acid: ROW 0R" 
0 CH3 

COZBn 35 
If R" is not H, R" can be removed by hydrolysis, aci 

dolysis or hydrogenolysis, to afford the corresponding acid 
which is then coupled to the urea isostere as described above 
and then, optionally, the R group is removed to produce the 

The trisubstituted succinic acid is then coupled to the urea 40 corresponding acid, and, optionally, converted to the amide. 

H02 

isostere as described above. To produce the free acid, the Alternatively, one can react the urea isostere with either a 
benzyl ester is removed by hydrogenolysis to produce the suitably monoprotected succinic acid or glutaric acid of the 
corresponding acid. The acid can then be converted to the following Structure; 
primary amide by methods well-known in the art. 45 
An alternative method for preparing trisubstituted suc- 0 R31 R32 0 

cinic acids involves reacting an ester of acetoacetic acid i | 
represented by the formula: PO (CI-12h 0H 

R1 R30 
50 

R0 . . . 

W where P rs a sultable protectrng group, such as benzyl or 
0 Q t-butyl or the like, and remove the protecting group and 

convert the resulting acid to an amide. 
wherein R is a suitable protecting group, such as methyl, 55 one can also react an anhydl'ide of the following Struc 

ethyl, benzyl or t-butyl, with sodium hydride and a hydro- tum: 
carbyl halide (R31X or R32X) in a suitable solvent, e.g., THF, 
to produce the corresponding disubstituted derivative rep- 0 
resented by the formula: 60 

R31 
R31 R32 32% R 0 

ROM R1 R30 
65 

O 0 with the urea isostere and separate any isomers or convert 

the resulting acid to an amide and separate any isomersv 
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It is contemplated that for preparing compounds of the 
Formulas having R6, the compounds can be prepared fol 
lowing the procedure set forth above and, prior to coupling 
the urea derivative or analog thereof, e.g. coupling, to the 
amino acid PNH(CH2),CH(R1)COOH, carried through a 
procedure referred to in the art as reductive amination. Thus, 
a sodium cyanoborohydride and an appropriate aldehyde 
R6C(O)H or ketone R6C(O)R'5 can be reacted with the urea 
derivative compound or appropriate analog at room tem 
perature in order to reductively aminate any of the com 
pounds of Formulas I-VI. It is also contemplated that where 
R3 of the amino alcohol intermediate is hydrogen, the 
inhibitor compounds of the present invention wherein R3 is 
an alkyl radical, or other substituent wherein the ot-C con 
tains at least one hydrogen, can be prepared through reduc 
tive amination of the ?nal product of the reaction between 
the amino alcohol and the amine or at any other stage of the 
synthesis for preparing the inhibitor compounds. 

Contemplated equivalents of the general formulas set 
forth above for the antiviral compounds and derivatives as 
well as the intermediates are compounds otherwise corre 
sponding thereto and having the same general properties 
such as tautomers thereof and compounds wherein one or 
more of the various R groups are simple variations of the 
substituents as de?ned therein, e.g., wherein R is a higher 
alkyl group than that indicated. In addition, where a sub 
stituent is designated as, or can be, a hydrogen, the exact 
chemical nature of a substituent which is other than hydro 
gen at that position, e. g., a hydrocarbyl radical or a halogen, 
hydroxy, amino and the like functional group, is not critical 
so long as it does not adversely affect the overall activity 
and/or synthesis procedure. 
The chemical reactions described above are generally 

disclosed in terms of their broadest application to the 
preparation of the compounds of this invention. Occasion» 
ally, the reactions may not be applicable as described to each 
compound included within the disclosed scope. The com 
pounds for which this occurs will be readily recognized by 
those skilled in the art. In all such cases, either the reactions 
can be successfully performed by conventional modi?ca 
tions known to those skilled in the art, e.g., by appropriate 
protection of interfering groups, by changing to alternative 
conventional reagents, by routine modi?cation of reaction 
conditions, and the like, or other reactions disclosed herein 
or otherwise conventional, will be applicable to the prepa 
ration of the corresponding compounds of this invention. In 
all preparative methods, all starting materials are known or 
readily preparable from known starting materials. 

10 

20 

25 

30 

35 

40 

45 

65 

22 
Without further elaboration, it is believed that one skilled 

in the art can, using the preceding description, utilize the 
present invention to its fullest extent. The following pre 
ferred speci?c embodiments are, therefore, to be construed 
as merely illustrative, and not lirnitative of the remainder of 
the disclosure in any way whatsoever. 

All reagents were used as received without puri?cation. 
All proton and carbon NMR spectra were obtained on either 
a Varian V)G1-300 or VXR-400 nuclear magnetic resonance 
spectrometer. 

EXAMPLE 1 

This example illustrates preparation of compounds 
wherein B represents: 

)4 A8 (CH2): 

Methyl arninoisobutyrate hydrochloride. 

CH3 CH3 

CL_+ 3N COgCHg 

A 500 mL round bottomed ?ask equipped with nitrogen 
inlet, thermometer adapter, solids addition funnel, and mag 
netic stirrer was placed in an ice salt bath and charged with 
100 mL of methanol. To this solution was added thionyl 
chloride(l8.0 mL, 0.25 mol) via syringe at such a rate that 
the internal temperature was maintained at less than 0° C. 
This solution was then treated with aminoisobutyric 
acid(l9.6 g, 0.19 mol) portion wise from the addition funnel 
at such a rate that the temperature did not rise above 5° C. 
The ice bath was removed and replaced with an oil bath and 
the solution warmed to 50° C. for 1 h and then concentrated 
in vacuo. The salt was thoroughly dried under vacuum to 
give the desired product as a white solid 28 g, 96%, mp 185° 
C. 1H nmr (CDCI3) 300 MHz 8.87(brs, 3H), 3.74(s, 3H), 
l.65(s, 6H). 

2,5,9,1l-Tetraazatridecan-l3-oic acid, 3-(2—amino-2-oxo 
ethyl)7~hydroxy-12,12-dimethyl-9-(3-methylbutyl)-1,4,l0 
trioxo-6_ -(phenylmethyl)-1-(2-quinolinyl)-methyl ester, 
[38- (3R*,6R*, 7S*)]-) 

0 0 

ii ' CO2CH3 
H H 

OH /..... 
CONHZ 
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A 100 mL round bottomed ?ask equipped with a re?ux 
condenser, nitrogen inlet, and magnetic stir bar was charged 
with methyl arninoisobutyrate hydrochloride (298 mg, 1.95 
mmol) and 30 mL of chloroform. The slurry was warmed to 
re?ux whereupon the salt dissolved and then the solution 
was treated with carbonyldiimidazole (317 mg, 1.95 mmol) 
and maintained at this temperature for 40 m. In a separate 50 
mL round bottomed ?ask was placed the hydrochloride of 
(2R,3S)-3-amino-l-(3 -methylbutyl)-1-[(l,l -dimethylethy 
l)amino]carbonyl)-4-phenyl-Z-butanol (910 mg, 1.68 
mmol), 20 mL of chloroform and triethylamine (648 mg, 
6.40 mmol). This mixture was stirred at room temperature 
for 30 m and then added to the 100 mLround bottomed ?ask. 
The entire mixture was heated to 50° C. for 16 h and then 
poured into a separatory funnel. The mixture was diluted 
with 5% aq. citric acid and the phases separated. The organic 
phase was washed with an additional portion of citric acid, 
sat. aq. NaHCO3, brine, dried over anhyd. MgSO4, ?ltered 
and concentrated in vacuo to give a white solid, 820 mg, 
75%, that was further puri?ed by ?ash chromatography over 
SiO2 eluting with methanol/CH2Cl2. The pure product was 
isolated by concentration of the appropriate fraction, 410 
mg, 38% yield along with 150 mg of 95% pure product. 

EXAMPLE 2 

A. General Procedure for_Curtius Rearrangement and Reac 
tion with Amino Alcohol Derivative. 

To a solution of 1 mmol of carboxylic acid in 12 mL of 
toluene and mmol of triethylarnine at 90° C. under a nitrogen 
atmosphere, was added 1 mmol of diphenylphosphoryl 
azide. After 1 hour, a solution of 1 mmol of amino alcohol 
derivative in 3.5 mL of either N,N-dimethylformamide or 
toluene was added. After 1 hour, the solvent was removed 
under reduced pressure, ethyl acetate and water added and 
the layers separated. The organic layer was washed with 5% 
citric acid, sat’d sodium bicarbonate, brine, dried, ?ltered 
and concentrated to a?°ord the crude product. This was then 
recrystallized or chromatographed on silica gel to aiford the 
puri?ed ?nal compound. 
B. Preparation of Intermediate. 
B1. Preparation of mono-tertiary-butyl 2,2-dimethylma 
lonate. 
To a solution of mono-methyl mono-t-butyl malonate 

(20.5 g, 117.7 mmol) in THF (275 ml) was added Nail (2.95 
g, 117.7 mmol) in portions at 0° C. over 15 min then stirred 
at r.t. for 30 min. The mixture was then cooled to 0° C. and 
to this was added MeI (7.5 ml, 118 mmol) slowly and stirred 
at r.t. for 1 h. After it was cooled to 0° C., to this cold 
solution was added Nail (2.95 g, 118 mmol) then MeI (7.5 
m1, 118 mmol) by following the procedure described above. 
A usual workup (10 ml sat. NH4Cl, 100 ml EtzO-pet ether, 
5% HCl, 5% NaHCO3, ?nally sat. NaCl) gave 16.2 g (68%) 
of desired product as a pale yellow oil. The oil (10.1 g, 50.0 
mmol) was dissolved in MeOH (150 ml) and to this was 
added 1.25N NaOH (20 m1 of 2.5N NaOH with 20 ml of 
H20, 50.0 mmol) over a period of 2 h and stirred at 0° C. for 
3 h and r.t. for 16 h. Removal of solvents/n vacuo (<40° C.) 
gave an oil. The oil was dissolved in water (125 ml) and 
extracted with EtQO (25 n11). The aqueous layer was col 
lected and acidi?ed with 6N HCl (a white precipitate was 
formed immediately) to pH~1 and extracted with Et2O (75 
ml><3). The combined extracts were washed with sat. NaCl 
(50 m1), dried (Na2SO4) and concentrated to afford 7.1 g 
(75%) of mono-tertiary-butyl 2,2-dimethylmalonate as a 
white solid. 
B2. Preparation of 2,2-Dimethylmalonate, mono-ethyl ester. 
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To a suspension of NaH (2.5 g, 95%, 100 mmol) in dry 

THF (200 ml) was added diethylmalonate (8.0 g, 50 mmol) 
slowly at 0° C. and stirred at r.t. for 1 h. The solution was 
cooled to 0° C. and to this was added a solution of Mel (14.9 
g, 105 mmol) in THF (20 ml) slowly. The mixture was 
stirred at 0° C. for 1 h, r.t. for 2 h and diluted with EtZO-Pet 
ether (5:1, 150 ml) then washed with H20 (80 ml) and sat. 
NaCl solution (50 ml). The organic phase was separated, 
dried (Na2SO4) and concentrated to afford 8.2 g (87%) of. 
desired product as an oil. This oil was dissolved in EtOH (50 
ml) and cooled to 0° C. To this cold solution was added 10% 
NaOH (20 ml, 50 mmol) dropwise at 0° C. and stirred at 0° 
C. for 2 h, at r.t. for 16 h. Removal of solvents gave an oil. 
The oil was dissolved in H20 (40 ml) and Et2O (20 ml). The 
aqueous layer was separated and acidi?ed with 6N HCl to 
pH~1 then extracted with ether (50 ml><2). The combined 
extracts were washed with sat. NaCl (20 ml), dried 
(Na2SO4) and concentrated to a?’ord 6.5 g (81%) of desired 
acid as an oil. 
B3. Preparation of 2-Ethyl-2-methylmalonate, mono-ethyl 
ester. 

To a suspension of Nal-I (1.25 g, 95%, 50 mmol) in dry 
THF (200 ml) was added diethylmalonate (8.0 g, 50 mmol) 
slowly at 0° C. The reaction mixture was allowed to warm 
up to r.t. and stirred for 1 h then cooled to 0° C. To this cold 
solution was added MeI (7.1 g, 50 mmol) dropwise. After 
the resulting mixture was stirred at r.t. for 2 h, it was cooled 
to 0° C. To the cold solution was added EtBr (5.6 g, 5.1 
mmol) and stirred at r.t. for 2 h. The mixture was diluted 
with ether-Pet ether (5:1, 150 ml) and washed with H20 (50 
ml), sat. NaCl solution, dried (Na2SO4) and concentrated to 
afford 10 g (99%) of desired product as an oil. This oil was 
dissolved in EtOH (50 ml) and cooled to 0° C. To this cold 
solution was added 10% NaOH (20 ml, 50 mmol) dropwise 
via an additional funnel and stirred at 0° C. for 2 h, at r.t. for 
16 h. Removal of solvents gave an oil. The oil was dissolved 
in H20 (40 ml) and EtQO (20 ml). The aqueous layer was 
separated and acidi?ed with 6N HCl to pH~1 then extracted 
with ether (50 ml><2). The combined ether solutions were 
washed with sat. NaCl (20 ml), dried (Na2SO4), and con 
centrated to a?ord 7.2 g (83%) of desired acid as an oil. 
B4. Preparation of 2,2-Dimethyl-3-(4-morpholinyl)propi 
onic Acid. 

Dissolve 2.62 ml (30 mmoles, 1.2 eq.) oxalyl chloride in 
anhydrous CHZCIZ. Cool to —78 degrees C under N2. Slowly 
add 2.66 ml (37.5 mmoles,l.5 eq.) DMSO. Stir 15 minutes. 
To this solution add 3.19 ml (25 mmoles,l.O eq.) methyl 2,2 
dimethyl-3-hydroxypropionate. Stir an additional hour at 
—78 degrees. Quench reaction with 13.94 ml (100 mmoles, 
4.0 eq.) triethylarnine. Warm to room temperature. Wash 
organic layer l><0.1N HCl, 1><saturated sodium bicarbonate, 
lxsaturated NaCl . Dry with MgSO4 and rotovap. Yield: 
69% M+H=131 

Dissolve 1.00 ml (11.53 mmoles, 3 eq.) morpholine in 43 
ml 1% AcOH/MeOH. Add 500 mg (3.83 mmoles, 1 eq.) 
aldehyde from above. Cool to 0 degrees C under N2. Slowly 
add 362.0 mg (5.76 mmoles,l.5 eq) NaCNBH3. Stir 2-3 
days. Strip o?E MeOH. Dissolve in minimum H2O. Add Conc 
HCl to pH=2. Wash 2XEt20. Add 6N NaOH to aqueous 
layer to pH>9. Extract 3XEtOAc. Dry with MgSO4 and 
rotovap. Purify by silica ?ash chromatography (60:1 
CH2Cl2:CH3OH) Yield=18% M+H=202 

Dissolve 337 :mg (1.7 mmoles, 1 eq) methyl ester from 
above in 18 ml AcOH. Add 4.5 m1 HCl . Heat to 60 degrees 
C. under N2. Stir overnight. Rotovap 01f solvent. Azeotrope 
with toluene. Rotovap l><4N HCl/dioxane. Desscicate over 
P205 overnight. Yield=94% M+H=188 
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B5. Preparation of 2,2-dimethyl-4-(l—methylpiperazinyDbu 
tanoic acid. 
A mixture of 2,2-dimethylpentenoic acid (5.66 g, 42 

mmol) BnBr (6.84 g, 40 mmol) KZCO3 (5.8 g, 42 mmol) and 
NaI (3 g, 20 mmol) in acetone (65 ml) was heated to re?ux 
(oil bath 80° C.) for 16 h. The acetone was stripped off and 
the residue was dissolved in H20 (20 ml) and ether (60 ml). 
The ether layer was separated, dried (Na2SO4) and concen 
trated to a?’ord 8.8 g (100%) of desired ester as an oil. 
To a solution of ester from above (8.8 g, 40.0 mmol) in 

CH2Cl2 (150 ml) was bubbled through a stream of ozone at 
—78° C. until the blue color persisted. Excess ozone was 
removed by a stream of N2, dimethylsul?de (10 ml) was 
added, and the reaction mixture was allowed to warm to 
room temperature and stirred for 56 h. After the removal of 
solvents, the residue was dissolved in Et2O (50 ml) and 
washed with H20 (15 ml) then sat. NaCl solution (10 ml). 
The organic layer was dried (N a280,‘) concentrated to afford 
8.2 g (93%) of aldehyde as an oil. 
To a solution of aldehyde from above (4.2 g, 19.1 mmol) 

in MeOH (80 ml) was added NaCNBH3 (2.4 g, 38.2 mmol) 
and acetic acid (2 ml) at 0° C. To this cold solution was 
added N-methylpiperizine (2.5 g, 25 mmol) slowly at 0° C. 
The reaction mixture was stirred at 0° C. for 2 h and room 
temperature for 16 h. The removal of solvents gave a solid. 
To the solid was added H20 (25 ml) and ether (50 ml). The 
organic layer was separated and to this was added 5% HCl 
(25 ml). The aqueous layer was collected and to this was 
added 2.5N NaOH until pH~l4, and extracted with ether (25 
m1><3). The combined organic extracts were washed with 
brine (15 ml), dried (Na2SO4) and concentrated to afford 5.5 
g (95%) of desired amine as an oil. This oil was hydroge 
nated (1.5 g of 10% Pd/C, 50 psi H2) in MeOH (50 ml) at 
room temperature for 2 h. The reaction mixture was ?ltered 
and the ?ltrate was concentrated to aiford 4.0 g (98%) of the 
desired amino acid as a white solid. 
B6. Preparation of 2,2-dimethyl-6-(4-morpholinyl)-4-oxa 
hexanoic acid. 
To a suspension of NaH (1.5 g, 60.0 mmol) in THF (155 

ml) was added a solution of methyl 2,2-dimethyl-3-hydrox 
ypropionate (6.6 g, 50.0 mmol) slowly at 0° C. After the 
addition was completed, the reaction mixture was stirred at 
room temperature for 11/2 h. It was cooled to 0° C. To this 
cold solution was added allyl bromide (7.3 g, 60.0 mmol) 
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slowly and NaI (150 mg) in one portion. The resulting 
reaction mixture was stirred at room temperature for 36 h. 

Diluted with 5:1 ether pentane (100 ml) and washed with 
H20 (50 ml), brine (50 ml). The combined organic phases 
were dried (Na2SO4), concentrated to give 8.4 g (74%) of 
ole?n. 

To a solution of ole?n (3.45 g, 20 mmol) in CHzCl2 (75 
ml) was bubbled through a stream of ozone at —78° C. until 
the blue color persisted. Excess ozone was removed by a 
stream of N2, dimethyl sul?de (5 ml) was added, and the 
reaction mixture was allowed to warm to room temperature 

and stirred for 36 h. After removal of all solvents, the residue 
was dissolved in EtZO (35 ml) and washed with H20 (10 ml) 
and sat. NaCl solution (10 ml). The organic extracts were 
dried (Na2SO4), concentrated to afford 3.2 g (92%) of 
aldehyde. To a solution of this aldehyde (3.2 g, 18.4 mmol) 
in MeOH (80 ml) was added NaCNBH3 (2.3 g, 36.8 mmol) 
and acetic acid (2 ml) at 0° C. To this cold solution was 
added morpholine (2 g, 23 mmol) slowly at 0° C. and stirred 
for 2 h at 0° C., 16 h at room temperature. The removal of 
solvents gave a solid, to this solid was added H20 (20 ml) 
and Et2O (50 ml). The organic layer was separated and to 
this was added 5% HCl (20 ml). The aqueous layer was 
collected and to this was added 2.5N NaOH solution until 

pH~l4, and extracted with Et2O (25 mlx3). The combined 
organic extracts were washed with brine (15 ml), dried 
(Na2S04) and concentrated to afford 1.6 g (35%) the desired 

' amine. The amine (1.58 g, 6.4 mmol) was subjected to a 

35 

40 

mixture of 10% NaOH (13 ml, 32 mmol) and MeOH (10 ml) 
and stirred for 16 h. Acetic acid (2.5 ml, 41.6 mmol) was 
added and the solvents were removed in vacuo to give a 

solid. The solid was washed with CH2Cl2 (25 ml><4). The 
combined CHlCl2 solutions were dried (Na2SO4) and con 
centrated to give an oil. The puri?cation of the oil by plug 
?ltration (silica gel, 20% MeOH/CHZCI2 the MeOH) gave 
350 mg (24%) pure amine acid as an oil. 

Following generally the general procedure set forth below 
and the procedures set forth in Examples 1-2, the com 
pounds listed in Tables A and B were prepared. 
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TABLE A-continued 

O O 
0 I CH3 N “1% brkmpg?w? 

0 2 0H 0 R3 

“W \ 
O 

R3 R1‘ Method of Preparation 

— CH2CH2CH(CH3)2 — H Ex. 2 

— CH2CH2CH(CH3)2 —c113 Ex. 1 
— c11,,c112c11(c11,)2 —c(c113)3 Ex. 2 

"' OH EX. 2 

—CH2 F 

— CI-IZCH3 EX. 2 

—CH2 F 

_ C(CH3)3 EX. 2 

—CH2 F 

TABLE B 

19 
OH 

11 R3 R3 Method of Preparation 

0 “011201161192 —CN Ex. 1 

0 — CH2CH2CH(CH3)2 @ Ex. 2 

1 — c112c1-12c11(c113)2 @ Ex. 2 

1 —CHZCHZCH(CH3)2 —c(0)1\1(c113)2 Ex. 2 
1 —CH,_CH2CH(CH3)2 ——c0zc113 Ex. 2 

2 — c112c112cmc113)2 Ex. 2 

4% @N 
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TABLE B-continued 

Q——ASN— 

O 

R3 R8 Method of Preparation 

Ex. 2 

N 0 N 0 N 

—CH2CH2CH(CH3)2 0 EX. 2 
|| 

—-C—-CH3 

0 Ex. 2 
H 

“CH2 F —C——CH3 

Ex. 2 

-NN N 0 N 

—CHZCH(CH3)Z 0H Ex. 2 

OH EX. 2 

—CH2 F 

/ \ Ex. 2 

—-CH2 F -—N 0 

Ex. 2 

“CH2 F —N 

—SCH3 EX. 2 

—CH7_ F 

— SOZCI-I3 Ex. 2 

—CH2 F 

—SO2CH3 EX. 2 

0 N 

—CH2CH(CH3)2 —CO2CH3 Ex. 1 

— COZH Ex. 2 

—CH2 F 

Ex. 2 

-CH2 F CO2CH2 ocna 
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TABLE B-conn'nued 

0H 

11 R3 R8 Method of Preparation 

1 —'SO2Ph EX. 2 

—CH2 F 

1 —SO2Ph Ex. 2 

@ 

X3 
EXAMPLE 3 

Following generally the procedure of Examples 1-2, the 60 
compounds shown in Table C were prepared. 
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TABLE C 

O O 
C) H IRI R1 R 
N N\/L (CH2). / 3 

I H H 
0 . OH 

H2N\/ 
\\ 
0 

0 CH3 —CH2CI-I3 —C(O)OC(CH3)3 Ex. 1 
0 CH3 CH2Ph -C(O)OCl-I2CH3 Ex. 1 
0 H H CF3 Ex. 1 
l R1 + R2 = cyclopentyl 4-pyridyl Ex. 2 
l R1 + R2 = cyclobutyl 4-pyridyl Ex. 2 

EXAMPLE 4 of pure 2,2-dimethyl-3-phenylpropionic acid, m/e 185 

Following generally the procedure of Example 1, the 
compounds shown in Table D were prepared. 

(M+Li). 
Preparation of 2,2-Dimethyl-3-(4-pyridy1)propionic Acid. 

. OH R3 

\\ 
0 

R3 R1 6 

0 isoamyl CHZCHZ 
l isoamyl Cl-lzCl-l3 
2 isoamyl CHZCH3 
3 isoamyl Cl-I2CH3 

EXAMPLE 5 

This example illustrates an alternate procedure for pre 
paring compounds of Formula H. 
A. Intermediates 
Preparation of 2,2-Dimethyl-3-pheny1propionic Acid. 
To a mixture of 1.23 g (41.0 mmol) of 80% sodium 

hydride and 50 mL of anhydrous tetrahydrofuran under a 
nitrogen atmosphere, was added 3.88 g (38.3 mmol) of 
diisopropylarnine and then 3.3 g (37.5 mmol) of isobutyric 
acid. After heating at re?ux for 5 minutes and cooling to 0° 
C., 15 mL (37.5 mmol) of 2.5M n-butyllithium in hexane 
was added. The mixture was warmed to 35° C. for 30 min, 
cooled to 0° C. and 6.40 g (37.5 mmol) of benzyl bromide 
added. The mixture was stirred for 30 minutes at 0° C., then 
warmed to 35° C. for one hour and recooled to 0° C. Water 
was added and the aqueous layer extracted with diethyl 
ether, acidified with 6N aqueous HCl and extracted with 
diethyl ether. The organic layer was dried and concentrated 
to provide 4.0 g of crude product. Chromatography on silica 
gel using 10% methanol/methylene chloride afforded 1.0 g 
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Under a nitrogen atmosphere, 1.23 g (41 mmol) of 80% 
sodium hydride was added to 50 mL of anhydrous tetrahy 
drofuran, followed by 3.88 g (38.3 mmol) of diisopropy 
larnine. To the resulting mixture was added 3.3 g (37.5 
mmol) of isobutyric acid and the resulting mixture heated to 
re?ux for 15 minutes. Upon cooling to 0° C., 15 mL (37.5 
mmol) of 2.5M n-butyllithium in hexane was added and the 
mixture then warmed to 35° C. for 30 minutes. After cooling 
to 0° C., 4.8 g (37.5 mmol) of 4-chloromethylpyridine 
(freshly prepared by neutralization of the hydrochloride salt 
with aqueous sodium bicarbonate, extraction with hexane, 
dried and concentrated) was added. After 30 minutes at 0° 
C., the mixture was warmed to 30° C. for one hour, cooled 
to 0° C. and 50 mL of water carefully added. The aqueous 
layer was separated and washed twice with diethyl ether, 
acidi?ed with 6N aqueous hydrochloric acid, rewashed 
twice with diethyl ether and then neutralized with aqueous 

. sodium bicarbonate. After the addition of citric acid, the 
aqueous layer was extracted 3 times with ethyl acetate to 
afford 283 mg of a white powder which was identi?ed as 
2,2-dimethyl-3-(4-pyridyl)propionic acid, rn/e 180 (M+H+). 
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Preparation of l-(4-Pyridylmethyl)cyclopentanecarboxylic 
Acid. 
To a suspension of 3.69 g (123 mmol) of 80% sodium 

hydride in 150 mL of anhydrous tetrahydrofuran and 11.6 g 
(115 mmol) of diisopropylamine, at 0° C. was added 12.82 
g (112 mmol) of cyclopentanecarboxylic acid. This was then 
heated at re?ux for 15 minutes, cooled to 0° C. and 45 mL 
of 2.5M n-butyllithium in hexane added. After 15 minutes at 
0° C. and 30 minutes at 35° C., the mixture was recooled to 
0° C. and a solution of 14.4 g (112 mmol) of 4-chlorom 
ethylpyridine (freshly prepared from 4-chloromethylpyri 
dine hydrochloride by neutralization with aqueous sodium 
bicarbonate, extraction with hexane, drying and concentrat 
ing) was added. After 30 minutes at 0° C. and 60 minutes at 
35° C., the mixture was cooled to 0° C., water carefully 
added and extracted twice with diethyl ether. The aqueous 
layer was acidi?ed to pH 3 with 6N hydrochloric acid 
whereupon a precipitate formed. The pH was adjusted to 5.9 
with 10% sodium hydroxide and the solids collected. 
Recrystallization from hot ethanol and hexane afforded 5.7 
g of desired product, m/e 206 (M + 
Preparation of 2,2-Dimethyl-3-(methylsulfonyl)propionic 
Acid. 
To a suspension of 1.23 g (41 mmol) of 80% sodium 

hydride in 50 mL of anhydrous tetrahydrofuran and 3.88 g 
(38 mmol) of diisopropylarnine, was added 3.3 g (37 mmol) 
of isobutyric acid and the mixture re?uxed for 30 minutes. 
Upon cooling to 0° C., 15 mL (37 mmol) of 2.5M n-butyl 
lithium in hexane was added, stirred for 15 minutes at 0° C. 
and then warmed to 35° C. for 45 minutes. After cooling to 
0° C., 3.62 g (37 mmol) of chloromethyl methyl sul?de was 
added and stirred for 30 minutes at 0° C. and then 60 minutes 
at 35° C. After cooling to 0° C., waster was added, washed 
with diethyl ether, acidi?ed with 6N hydrochloric acid and 
extracted with diethyl ether, dried and concentrated to a?’ord 
4 g of crude material. This was distilled (Bp 85° C., 0.25 mm 
Hg) to afford 1.2 g of 2,2-dimethyl-3-(thiomethyl)propionic 
acid, m/e 155 (M+Li). To a solution of 525 mg (3.5 mmol) 
of 2,2-dimethyl-3-(thiomethyl)propionic acid in 8 mL of 
acetic acid was added 1.2 mL of 30% aqueous hydrogen 
peroxide and the mixture re?uxed for 2 hours. The solution 
was cooled, 15 mL of 10% sodium sul?te added and 
concentrated under reduced pressure. The residue was acidi 
?ed with 12N hydrochloric acid, extracted with ethyl 
acetate, washed with brine, dried and concentrated to aiford 
341 mg of 2,2-dimethyl-3-(methylsulfonyD-propionic acid. 
Preparation of 2,2-Dimethyl-3-(phenylsulfonyl)propionic 
Acid. 
To a mixture of 1.23 g (41 mmol) of 80% sodium hydride 

in 50 rnL of dry tetrahydrofuran was added 3.88 g (38.3 
mmol) of diisopropylarnine and then 3.3 g (37.5 mmol) of 
isobutyric acid. After heating at re?ux for 15 min, and 
cooling to 0° C., 15 mL (37.5 mmol) of a 2.5M n-butyl 
lithium in hexane solution was added over 10 min. After 15 
min, the solution was heated to 35° C. for 30 min, cooled to 
0° C. and 5.94 g (37.5 mmol) of chloromethylphenyl sul?de 
was added. After 30 min at 0° C. and 35° C. for 1 hour, the 
solution was recooled to 0° C., water added and then diethyl 
ether. The water layer was separated, acidi?ed and extracted 
with diethyl ether, dried and concentrated to afford 4.23 g of 
crude product. Recrystallization from methylene chloride/ 
hexane afforded 1.49 g of 2,2-dimethyl-3-(thiophenyl)pro 
pionic acid, m/e 211 (M+H). 

To a mixture of 1.1 g (5.2 mmol) of 2,2-dimethyl-3 
(thiophenyl)propionic acid in 12 mL of acetic acid was 
added 1.8 mL (17.8 mmol) of 30% aqueous hydrogen 
peroxide. After 10 minutes at room temperature, all the 
solids dissolved and the solution was heated to re?ux for two 
hours. After cooling in an ice bath, 23 mL of 10% aqueous 
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36 
sodium sul?te was added and the volatiles removed under 
vacuum. The residue was acidi?ed with 12N aqueous HCl , 
extracted with ethyl acetate, dried and concentrated to afford 
1.23 g of 2,2-dimethyl-3-(phenylsulfonyl)propionic acid, 
m/e 260 (M+NH4+). 
B. Compounds of the Invention 
1. Preparation of Butanediamide. N1[3-[[[(1,1-dimethy1-2 
-phenylethyl)amino]carbonyl](3-methylbutyl)amino]-2-hy 
droxy-l (phenylmethyl)propyl]-2-[(2-quinolinylcarbony 
l)amino]-, [1S-[lR* (R*), 2S*]]-. 
To a solution of 72 mg (0.40 mmol) of 2,2-dimethyl-3~ 

phenylpropionic acid in 5 ml. of toluene and 0.12 g (1.2 
mmol) of triethylamine at 90° C., was added 0.1 1 g (0.40 
mmol) of diphenylphosphoryl azide. After one hour, a 
solution of 208 mg (0.40 mmol) of N-3(S)-[N-(2-quinoli 
nylcarbonyl)-L-asparaginyl]amino-2(R)-hydroxy-4-phenyl 
butylamine, N-(3-methylbutyl) in 1.5 mL of N,N-dimethyl 
formarnide was added. After one hour, the solvent was 
removed under reduced pressure, ethyl acetate added, 
washed with water, sat’d sodium bicarbonate, sat’d sodium 
chloride, dried, ?ltered and concentrated to a?°ord 200 mg of 
crude product. This was recrystallized from ethyl acetate and 
hexane to alford 42 mg of the desired product, m/e 701 
(M+Li). 
11. Preparation of Butanediamide. N1[3~[[[(1,l-dimethyl-2 
(4 -pyridyl)ethyl)amino]carbonyl](3-(4-?uorophenyl)m 
ethyl)amino] -2-hydroxy-1-(phenylmethyl)propyl-2-[(2 
quinolinylcarbonyl)amino], -[1S-[1R*(R*), 2S*]]-. 
To a solution of 96 mg (0.54 mmol) of 2,2-dimethyl-3 

(4-pyridyl)propionic acid in 5 mL of toluene and 0.16 g 
(1.62 mmol) of triethylamine at 95° C., was added 149 mg 
(0.54 mmol) of diphenylphosphoryl azide. After one hour, a 
solution of 300 mg (0.54 mmol) of N-3(S)-[N-(2-quinoli~ 
nylcarbonyl)-L-asparaginyl]amino-2(R)-hydroxy-4-phenyl 
butylamine, N-(4-?uorophenyl)-methyl in 2 mL of N,N 
dimethylformarnide was added. After one hour, the solvents 
were removed under reduced pressure, ethyl acetate added, 
washed with water, sat’d sodium bicarbonate, brine, dried, 
?ltered and concentrated to aiford 320 mg of crude product. 
Chromatography on silica gel using 5—30% isopropanol/ 
methylene chloride afforded 60 mg of the desired product, 
m/e 734 (M+H). 
HI. Preparation of Butanediamide. N'-[3-[[[(1,1-dimethyl-2 
hydroxyethyDamino]carbonyl](4-?uoro-phenylmethy 
l)amino]-2-hydroxy- 1-(pheny1methy1)propyl]-2-[(2-quino 
linylcarbonyl)amino]-[1S-[1R*(R*), 2S*]]-. 
To a solution of mono-tertiary-butyl 2,2-dimethylma 

lonate (188 mg, 1.0 mmol), Et3N (303 mg, 3.0 mmol)in 
toluene (2 ml) was added diphenyl phosphonyl azide (283 
mg, 1.0 mmol) in toluene (0.5 ml) dropwise over 5 min at 
95° (oil bath). After stirring at 95° C. (oil bath) for another 
45 min, the mixture was cooled to r.t. and to this was added 
a solution of amino alcohol derivative (588 mg, 1.0 mmol) 
in DMF (5 ml) and stirred at r.t. for 45 min. The mixture 
diluted with EtOAc (25 ml) and washed with 5% NaHCO3 
(10 ml><2), 5% citric acid (5 ml) and H20 (10 ml) then sat. 
NaCl (10 ml). The organic phase was dried (Na2SO4) and 
concentrated to afford 840 mg crude product. Puri?cation of 
crude product by ?ash chromatography (silica gel, 3% then 
5% MeOH/CH2Cl2) aiforded 568 mg (76%) of pure desired 
product as a white solid, rn/e 749 (M+Li). This white solid 
(520 mg, 0.699 mmol) was dissolved in CHZCl2 (3 ml) and 
to this was added TFA (1.5 ml). After the mixture was stirred 
at r.t. for 16 h, the solvents were removed/n vacuo to afford 
475 mg (98%) of acid as a white solid. This white solid (450 
mg, 0.65 mmol) was dissolved in THF (3 ml) and cooled to 
0° C. To this cold solution was added BH3.Me2S (0.3 ml of 
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10M solution, 3 mmol) dropwise via a syringe. After the 
mixture was stirred at 0° C. for another 1 h and at r.t. for 16 
h, it was quenched with MeOH (1 ml). The solvents were 
removed in vacuo and MeOH (2 ml) was added and stripped 
off again. This procedure was repeated for 3 more times. A 
white solid was obtained. Puri?cation of the crude product 
by ?ash chromatography (silica gel, 10% MeOH/.CH2Cl2) 
gave 108 mg (25%) of pure alcohol as a white solid, m/e 679 
(M+Li). 
IV. Preparation of Butanediamide. N '-[3-[[[3-(3,3-dimethyl 
propionic acid, dimethyl arnide)amino]-carbonyl](4-?uo 
rophenylmethyl)amino] -2-hydroxy- 1 -(phenylmethyl)pro 
pyl]-2-[(2-quinolinylcarbonyl)amino]-, [1S-[1R*(R)*, 2S*] 
]_ 

Part A. Preparation of 2,2-Dimethylsuccinic acid, 
4-(monopara-methoxybenzyl ester). 
A 250 ml RB ?ask equipped with magnetic stir bar, re?ux 

condensor and N2 inlet was charged with 5.0 g (39 mrnol) of 
2,2-dimethyl succinic anhydride, 5.39 g (39 mmol) of 
p-methoxy benzyl alcohol in 65 ml toluene‘. After overnight 
re?ux the reaction mixture was concentrated in vacuo and 
triturated with hexane to yield 9.1 g crude solid: 6:1 mixture 
of regioisomers. After washing with hexane the crude solid 
was recrystallized from 85 ml boiling hexane to yield 5.9 g 
(57%) of white solid. Regioisomeric purity was >25:1 by 
400 MHZ lH-NMR. 

Part B. Preparation of Butanediamide, N'-[3-[[[3-(3,3 
dimethyl propionic acid, 4-methoxy-phenylmethyl 
ester)amino]carbonyl](4-?uorophenylmethyl)amino] -2-hy 
droxy- l -(phenylmethyl)propy1] -2- [(2-quinolinylcarbony 
l)amino]-[1S-[1R*(R*), 2S*]]-. 
A 100 ml RB ?ask equipped with magnetic stir bar, re?ux 

condenser and N2 inlet was charged with 120 mg (0.45 
mmol) of product from Part A, 189 p1 (1.35 mrnol) NEt3 in 
5 ml dry toluene. The reaction was stirred at 95° C. while 
125 ml (0.45 mmol) diphenylphosphonyl azide was slowly 
added. After 1 hour the N—3(S)—[N-(2-quinolinylcarbonyl) 
L-asparaquinyl]arnino-2 (R)-hydroxy-4-phenylbutyl,N(-4 
?uorophenyDmethylamine: 250 mg (0.45 mmol), pre-dis 
solved in 4 ml DMF, was added. After 1 hour the reaction 
was concentrated in vacuo and partioned between ethyl 
acetate and 5% aq citric acid. Organics washed with H20, 
sat bicarb, brine and dried over Na2SO4. Concentration in 
vacuo yielded 440 mg crude foam. Flash chromatography 
(100% ethyl acetate) yielded 270 mg (73%) solid. Pure by 
lH-NMR and FAB mass spec (M+H=822 ). 
Part C. Preparation of Butanediamide. N‘-[3-[[[3-(3,3-dim 
ethylpropionic acid)amino]carbonyl]-(4-?uorophenylm 
ethyl)amino]-2-hydroxy-1-(phenylmethyl)propyl]- 2-[(2 
quinolinylcarbonyl)-amino]~,[1S-[1R*(R*), 2S*]]-. 
A 100 mL RB ?ask equipped with magnetic stir bar and 

N2 inlet was charged with 260 mg (0.32 mrnol) of product 
from Part B in 0 ml 4N HCl/dioxane. The homogeneous 
solution was stirred at RT 30 min then warmed to 50° C. for 
30 min. The reaction mixture was concentrated in vacuo to 
yield an oily solid that was titurated from excess EtQO, 
?ltered and dried to yield 150 mg (68%) of white powder 
suitable for use without further puri?cation. FAB mass spec 
gave gave M+H=702, M+Li=708. 

Part D. Preparation of Butanediamide, N'-[3-[[[3-(3,3 
dimethylpropionic acid, dimethyl arnide)arr1ino]-carbonyl] 
(4-?uorophenylmethyl)amino] -2-hydroxy-1-(phenylmeth 
yl)propyl]-2~[(2-quinolinylcarbonyl)arnino]~, [1S 
[1R*(R*), 2S*]]-. 
A 25 m1 RB ?ask equipped with magnetic stir bar and N2 

inlet was charged with 50 mg (0.07 mrnol) acid from Part C 
in 1 ml DMF. The reaction was cooled to 0° C. when 15 mg 
HOBt (0.11 mmol) was added followed by 15 mg (0.08 
mrnol) EDC. After stirring 20 minutes 50 ml 40% aq. 
dimethyl amine was added. The reaction was stirred 2 hours 
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at 0° C. and allowed to stir at room temperature overnight. 
The reaction was taken up in ethyl acetate and washed with 
2X20 mL sat. bicarb, 2X20 mL 5% aq citric acid, 1X30 mL 
brine, and over MgSO4. Concentration in vacuo yield 21 mg 
crude solid TLC (5% MeOH—CH2Cl2). Showed 50% con 
version to product with other impurities. Flash chromatog 
raphy (MeOH-CH2Cl2) yield 6.5 mg product (13%). Mass 
spec M+H=728. 
V. Preparation of Butanediarnide. N'-[3-[[[(1,1-dimethyl-2 
oxopropyl)arnino] carbonyl](2-methylbutyl)amino]-2-hy 
droxy-1-(pheny1methyl)propyl] -2-[(2-quinolinylcarbony 
l)amino]-, [1S-[lR*(R*), 2S*]]-. 

Part A. Preparation of Methyl 2,2-Dimethyl-3-oxobutyric 
Acid. 
A 250 ml RB ?ask equipped with magnetic stir bar, 

addition funnel and N2 inlet was charged with 8.9 g of 95% 
Nail (372 mmol, 2.2 eq) and 125 ml dry THF. The slurry 
was cooled to —30° C. when 20 g (170 mmol) of methyl 
acetoacetate was slowly added. After 5 min 51 g (359 mmol, 
2.1 eq) of methyl iodide was added and the reaction was 
stirred 1 hour at —25° C. and allowed to sit at room 
temperature overnight. Upon workup the reaction was 
diluted with 125 ml ethyl acetate and the precipated sodium 
iodide was ?ltered and the ?ltrate was washed with 100 mL 
sat. bicarb, 100 mL 5% aq Na2S2O5 and 100 mL brine. The 
organics were dried and concentrated in vacuo to yield 19 g 
of a yellow oil suitable for use without further puri?cation. 

Part B. Synthesis of 2,2-Dimethyl-3-oxobutyric acid, eth 
ylene glycol Dicyclohexyl-ammonium Salt. 
A 100 ml RB ?ask equipped with magnetic stir bar and N2 

inlet was charged with 5 g (34.7 mmol) 2,2-dimethyl methy 
lacetoacetate in 25 m1 anhydrous ethylene glycol, 20 mL 
trimethylorthoformate with a catalytic amount of p-toluene 
sulfonic acid. The reaction mixture was stirred at 55° C. 
overnight then worked up by pouring into 200 ml 20% aq 
KOH and heating to 95° C. for 4 hours. The cooled reaction 
mixture was extracted with ether and the aqueous phase was 
acidi?ed to pH 3 with 35 ml conc HCl lice. The product was 
extracted with 2x100 mL ethyl acetate. The organics were 
dried over Na2SO4 and concentrated in vacuo to ~5 g crude 
free acid. The acid was taken up in 50 ml ether and 5.3 g 
dicyclohexyl amine salt was added and the product was 
?ltered and dried to yield 6.5 g (~53%) white solid. Mp 
124°—127° C. 

Part C. Preparation of N-3(S)-(Benzyloxycarbony 
l)amino-2-(R)~hydroxy-4-pentylbutyl amine, N'-(3-methyl 
)butyl, N'-[[(1,1-dimethyl-2-oxo-propyl)amino]carbonyl, 
ethylene glycol ketal]. 
A 250 ml RBF equipped with magnetic stir bar and N2 

inlet was charged with 2.0 g (11.5 mmol) free acid from Part 
B: (free acid liberated from DCHA salt by partioning 
between Et2O and 5% aq KHSO4), 6.11 ml (43.7 mmol—3.8 
eq) NEt3 in 75 ml dry toluene. The solution was heated to 
95° C. and 3.16 g (11.7 mmol) diphenylphosphonyl azide 
was added. The reaction was stirred at 95° C. for 1 hour 
when 4 g (11.7 mmol) of product from Example 6B Part A 
in 50 ml toluene was added. The reaction was stirred at 90° 
C. for 1 hour than at room temperature overnight. The 
reaction was concentrated in vacuo and partionned between 
ethyl acetate and 5% aq citric acid. The organic phase was 
washed with sat. bicarb, brine, dried, and concentrated to 6 
g of crude foam. The product was puri?ed by ?ash chro 
matography on silica gel to yield 4.3 g (73%) white foam, 
pure by TLC and high ?eld NMR. FAB mass spec, M+Li= 
562 z/m. 

Part D. Preparation of butanediarnide, N'-[3-[[[(1,l—dim 
ethyl- 2-oxo-propyl)amino]carbonyl](2-methylbutyl)amino] 
-2-hydroxy-1-(phenylmethyl)propyl]-2-[(2-quinolinylcar 
bonyl)amino]-, [1S-[1R*(R*), 2S*]]-. 


















































































